Introduction
MoO 3 is currently investigated for many purposes. Plasmonic MoO 3-x @MoO 3 nanosheets obtained from surface oxidation of MoO 3-x were employed as a surface-enhanced Raman scattering (SERS) substrate for methylene blue detection [1] . MoO 3 also enters the composition of solar cells and light-emitting diodes [2, 3] . MoO 3 nanoribbons were proposed as a reversible chemochromic material [4] . Redox active polyaniline-h-MoO 3 hollow nanorods [5] , ordered mesoporous α-MoO 3 with iso-oriented nanocrystalline walls [6] and ultrathin MoO 3 nano-crystals self-assembled on graphene nanosheets [7] were proposed as new supercapacitors. It is also applied in the selective conversion of propylene [8] . But MoO 3 is mostly studied for use as an anode material for Li-ion batteries. Recently, singlecrystalline α-MoO 3 nanobelts prepared in 5 M HNO 3 delivered a capacity of 175 mAh g -1 at the first cycle at 2C rate, falling to 150 mAh g -1 after 10 cycles, while commercial MoO 3 delivers a stable reversible capacity of 72 mAh g -1 at 2C rate [9] . To overcome the degradation of MoO 3 nanorod anodes in lithium-ion batteries at high-rate cycling, coating of the nanorods by a protective layer has been proposed. The capacity of α-MoO 3 -In 2 O 3 coreshell nanorods maintains 1114 and 443 mAh g -1 after 50 cycles at 0.2C and 2C rate, respectively [10] . Conformal passivation of the surface of MoO 3 nanorods by HfO 2 using atomic layer deposition (ALD) was proposed with success [11] . After 50 charge/discharge cycles at high current density1500 mA g -1 , HfO 2 -coated MoO 3 electrodes exhibited a specific capacity of 657 mAh g -1 . MoO 3 nanoparticles were electrodeposited on Ti nanorod arrays that showed enhanced rate capability (300 mAh g -1 at 100 A g -1 ) and excellent durability (retaining 300 mA h g -1 after 1500 cycles at 20 A g -1 ) [12] . α-MoO 3 /multiwalled carbon nanotube (MWCNT) nanocomposite delivered 490 mAh g -1 at current density 20 A g -1 owing to the high conductivity of the carbon nanotubes [13] . Porous MoO 3 grafted on TiO 2 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 nanotube array was found to improve the specific capacity with respect to MoO 3 alone and the TiO 2 nanotubes alone by a factor thre [14] . These results show that MoO 3 shows remarkable electrochemical properties for use as an anode for Li-ion batteries. The price to be paid to obtain such performance, however, is the reduction of the size of the particles to the nano-range, and the synthesis of nano-composites. Such synthesis processes, however, are not scalable, and expensive, which explains that the anode of the commercial Li-ion batteries is still graphitic carbon, although much better results are obtained since years at the laboratory scale, not only with MoO 3 but also with silicon and many metal oxides.
MoO 3 usually exists in three main phases: monoclinic, hexagonal and orthorhombic structure, the later being the most thermodynamically stable phase. Orthorhombic MoO 3 (α-MoO 3 , n-type semiconductor) attracts interest due to its unique layered structure, which is composed of MoO 6 octahedra in which the Mo atom is surrounded by a distorted oxygen octahedron and connected to another MoO 6 octahedra through edges and corners by covalent and ionic bond, to form double layers [15, 16] . The lamellar structure contains extension channels with tetrahedral and octahedral holes suitable for insertion and de-insertion of Li + ions [6] . Crystalline α-MoO 3 has high theoretical discharge capacity of ~370 mAh g -1 , based on a 2ereduction due a wide range of oxidation states from +4 to +6 [17, 18] . The electrochemical behavior of α-MoO 3 crystals can be described by the redox reaction:
Several methods have been used to prepare nanostructured molybdenum oxides, i.e.
hydrothermal synthesis [19, 20] electro-spinning method [21] , sol-gel technology [22] , thinfilm deposition [23] . Ette et al. [24] prepared lamellar α-MoO 3 particles through facile
As an effort to alleviate the fading capacity during cycling of the α- 
Characterization
Thermogravimetric (TG) measurements were carried out using a thermal gravimetric analyzer (Perkin Elmer, TGA 7 series) in the temperature range of 30-1000 °C in air at a heating rate of 10 °C min −1 . The structure of the samples was analyzed by X-ray diffraction using a Philips X'Pert apparatus equipped with a CuK α X-ray source (λ = 1.54056 Å). Data were collected in the 2θ-range 10-80°. XRD pattern was analyzed by the Rietveld structure refinement program, FULLPROF [43] . The particle morphology of the samples was model U1000) using the 514.5 nm line from the Spectra-Physics 2020 Ar-ion laser. The spectra were recorded using a backscattering geometry and the laser power was kept below 25 mW to prevent the degradation of materials upon data acquisition. All spectroscopic data were collected with a spectral resolution of 2 cm −1 . Li 0 /Li + in galvanostatic test and cyclic voltammetry modes. ). The lattice parameters a=3.993 Å, b=13.575 Å and c=3.713 Å were determined using 12 Bragg lines that are in good agreement with values of the literature [15, 16] . The XRD diagram of the composite (blend) material shows complex features with the superposition of three sets of Bragg lines. XRD analysis was carried out by Rietveld structure refinement ( Fig.   1b ), which matches well with the experimental data and gives the composition of the blend sample. The structural data for the modelling were taken from previously reported articles for α-MoO 3 [15] , γ-Mo 4 O 11 [45] and α-ZrMo 2 O 8 [46] . The three phases of low symmetry appear to be with the proportion as follows: (1) [50]. This deviation from stoichiometry, however is found to be small (the order of 0.5%) for octahedral intra-layers [52] as illustrated in Fig. 10 of Ref. [53] . The intercalation process
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M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 13 associated with the peak observed at 2.7 V is irreversible, as it is observed only during the first intercalation reaction; this peak vanishes in subsequent cycles. Tsumura and Ingaki [54] reported the irreversible reaction during the first lithiation, which proceeds in a two-phase reaction up to Li 0. 25 composites synthesized by a hydrothermal method, which exhibited an initial specific capacity 228 mAh g -1 , but only ~90 mAh g -1 after 40 cycles at a current density of 30.7 mA g -1 (~C/12 rate) [58] . The rate capability presented by the modified Peukert plots (Fig. 8a) for To our knowledge, this blend is the best result published for molybdenum oxide micronsized particles so far. As usual better results can be obtained by decreasing the size of the particles to the nano-range. In particular C-MoO 3 porous nanofibers, could deliver a stable reversible capacity of circa 200 mAh g -1 [21] . This performance, however, is due to the contribution of the carbon to the electrochemical process, and also the contribution of active sites at the porous surface, evidenced by the fact that the capacity at the first cycles was much larger than the theoretical value. Similar remarkable improvements of the electrochemical 
Conclusions
In this work, we have investigated the structural and electrochemical properties of a blend Samples were excited at a laser wavelength of 514.5 nm. Samples were excited at a laser wavelength of 514.5 nm. • The as-prepared materials exhibit an integrated-type blend structure decorated with α-ZrMo 2 O 8 nanoparticles.
• Electrochemical features show the redox peaks attributed to distinct Li + -ion insertion/extraction reactions in the MoO 3 and Mo 4 O 11 hosts.
• Cyclic performance revealed improved reversibility and electrochemical stability of the composite.
